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Abstract- Fifth Generation (5G) and Cognitive Radio
(CR) are considered to be the future advancements in
wireless technology. The ever increasing number of
smart network devices may obsolete latest 4G
technology for handling bandwidth allocation to a large
number of smart devices. To meet with this challenging
need for rapid and efficient data transfer over such
devices, requires next generation mobile technology.
5G technology is anticipated to offer appropriate
solutions to such issues in literature. High data rates can
be achieved by using 5G, however, to make such
futuristic technology realistic, is a real challenge. This
challenging goal can be achieved by efficient
utilization of the bandwidth in allocated spectrum. CR
is an intelligent radio which has inherent adaptive
procedures. It reuses the frequency when primary user
is absent and works on principle of dynamic frequency
allocation. CR is one of the key enabling technology for
5G networks which allows nodes to evaluate and
manage underused licensed channels. It has brought
benefits to a CR based 5G cellular networks which
include ability to adapt dynamicity of a network, deals
with the spectrum scarcity issue and operates in
heterogeneous environment. It also provides intelligent
solutions and self-governing capabilities to assist 5G
key functions especially in smart beamforming. In this
paper we present numerous benefits of 5G technology,
enabling technologies of 5G, its challenges and
proposed solutions. Furthermore, CR alongwith
spectrum sensing techniques are also discussed in
detail. Finally, CR based 5G technology is investigated
with the view to explore both technologies jointly and
to present a comprehensive overview which will
invigorate new research initiatives in this exciting field.

Keywords- Wireless Communication, Fifth
Generation, Cognitive Radio, Cognition Cycle,
Spectrum Sensing, Resource Allocation, Enhanced
Cognitive Radio Networks.

I. INTRODUCTION

Mobile wireless technology commenced its
journey towards revolution and development since
1970. The cellular communication industry has
witnessed a massive growth and technological
advancement in the last few decades which can be
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classified into different generations from 0G to 5G.
Large scale wireless communication has been made
possible only due to the cellular concept presented in
1G. Soon after 1G, 2G was introduced in which the old
analog technology was replaced by digital technology,
which considerably improved the wireless
communication. In addition to voice, data
communication was also introduced in 3G. 4G
technology provides an ultra-broadband network,
meeting with the latest network equipment
requirement. However, 4G cannot handle the ever-
increasing rapid advancement in smart network
devices, hence, adversely affect the overall network
load efficiency. The solution to the problem through
which data transfer becomes more efficient and faster,
is the next generation network technology, viz: 5G. In
5@, existing wireless and wired networks will be
brought together into all internet protocol high
performance worldwide network. 5G mobile network
technology is based on CR, whereas CR is the
backbone of 5G mobile network and offers best
solution for 5G mobile network. CR offers efficient
usage of limited spectrum resources and meets ever
increasing demands for wireless networks. CR is also
known as an extension of software define radio (SDR)
which provides the opportunity to re-use the frequency
once primary user (PU) is not present. To reap the
benefits of CR based 5G technology, adequate
knowledge of 5G as well as CR is required. In this
regard, the main focus of this paper is to provide a
comprehensive survey on CR based 5G technology.
Besides this, it also presents an overview of CR and 5G
technologies, some enabling technologies of 5G, 5G
challenges with their proposed solutions and spectrum
sensing techniques of CRNs in order to relate spectrum
exploration issues toward 5G.

CR can be completely integrated with the 5G wireless
access network as it provides the opportunity for
interconnection of existing wireless network in an
operable way. In literature, a wide variety of work on
mobile generations is available, however, this paper
briefly describes the evolution of mobile telephony
standards and advancement in technology.

The rest of the paper is structured as follows. In Section
2, literature review on CR and 5@, is presented. Section
3 briefly presents the evolution of wireless
communication generations. Section 4 discusses 5G
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concepts and its major improvements as compared to
4G, challenges faced by 5G and their proposed
solutions. Section 5 presents the overview of CR and
CRNs alongwith spectrum sensing techniques. In
Section 6, detail review of CR based 5G technology
from some recent work, is presented. In Section 7
conclusions are presented.

II. LITERATURE REVIEW

This research paper highlights two promising
technology i.e. 5G and CR. Researchers have already
contributed considerable work on both fields.
However, 5G using CR is the most recent domain and
still has aroom to be explored, in the field of research. It
includes areas for integration of CR with 5G,
algorithms related to the implementation of CR with
5G. In each of the areas, there exist tremendous amount
of work, however this paper encompasses only survey
of basic research in recent past. It is generally believed
that the future 5G network will be designed to fulfill a
huge number of stringent requirements as far as cost,
uniqueness and number of associated smart devices are
concerned. System that can meet these requirements is
only intellectual radio i.e. CR by negating all
underutilized technologies. After the inception of 5G
many researchers have taken 5G as the solution of all
the future problems related to wireless communication
network. Hence, many researchers in their papers
proposed various inherent benefits of 5G. Different
mobile generations are discussed in [1]—[7] and owing
to the quantum of data traffic, it is expected that 4G will
be used up to few coming years only. This survey paper
will be one of'its kind reviewing the recent trends about
the use of CR based 5G. Researchers have already
proposed several features, requirements and
improvements particularly in terms of high data rate in
5G. Specific protocols for each of the OSI layer [6]
have been proposed basing on earlier research papers
works. In different research papers [8]- [12] the major
focus of the authors was physical layer and application
layer while suggesting some protocols and services
particularly at physical layer.

CR was introduced as a new paradigm in 1999 as an
extension of SDR. This idea was also proposed in paper
[13] for an efficient use of available resources. Author
also proposed a new language, viz: RKRL (radio
language representation language) for communication
between different network devices. However, author's
complete CR remains futurist concept where
ubiquitous cognition is a part of all the devices and
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applications which caters our needs. One of the major
contribution of cognitive radio, is its use in spectrum
sensing in which researchers [14]- [16] allocate
spectrum with the help of data collected from physical
layer. Simon Hykin in his paper [17], defined CR, as an
intelligent wireless communication system which deals
with three fundamental cognitive tasks i.e. radio-scene
analysis, channel-state estimation and predictive
modeling, and lastly transmit-power control and
dynamic spectrum management. Author also presented
the apparent behavior of CR. During the review and
survey of the literature, it was manifested that there is
little work done about integration of CR with 5G.
However, there exist research work [18]-[21] in which
researchers not only discussed the common features of
both the technologies but also discussed about the use
of CRinto 5G.

Cognitive radio network (CRN) is prone to various
malicious attacks. The two types of basic users in CRN,
are licensed or primary user (PU) and unlicensed or
secondary user (SU), however there is yet another
unwanted user which is known as malicious user.
Malicious user breaks the agreement between PU and
SU. A wuser, which is not trustworthy, becomes a
potential risk. Security mechanism is essential for the
successful deployment of CRN [22] and its
arrangements are necessary for next generation
wireless communication networks.

However, security issues related to CRN are not
discussed in this paper

III. JOURNEY TOWARDS 5G — AN
EVOLUTION

Dawn of cellular technology brought new
revolution in wireless communications. Through
cellular technology re-allocation of frequency band is
possible which, in turn gives features of reusability of
frequencies and saves energy. Wireless access
generations are illustrated in Fig.1. Wireless
communication commenced with 0G. 0G technology
is also known as analog signal for communication and
it was based on public switched telephone network
(PSTN). Those mobiles did not support the handover
feature. 0G is also regarded as pre-cellular mobile
telephony technology. It was forerunner of 1G, hence,
is known as 0G. There were many technologies
employed in 0G systems. These systems were primarily
used only for voice communication. Technologies
having better or improved features as compared to
basic 0G technologies were termed as 0.5G.

* Mobile
broadband
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* ~2010
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Networked
Society

* ~2020

Fig.1: Generations of Cellular Mobile Communication [23]
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First time cellular technology was introduced and
deployed in 0.5G mobile technology. In 0.5G, network
was divided into multiple cells also known as zones of
size 30 KMs each. However, rest of the features were
almost the same as of 0G.

1G was introduced with analog cell phones in 1980 and
is the first generation wireless (cell phones) telephone
technology [5]. The first cellular system became
operational in 1979 in Japan (Tokyo) by Nippon
Telephone and Telegraph (NTT). Analog systems were
introduced in Europe in 1980s including Nordic Mobile
Telephone (NMT) and Total Access Communication
System (TACS) which were the most popular systems
amongst all. These systems could not
intercommunicate and International communication
was not possible with these systems, hence, it was
considered as the major limitation of this generation.
However, all such systems had handover and roaming
features and capabilities. First generation has poor
voice links, low capacity, unreliable handoff and was
unsecured, hence prone to undesirable interception.

In early 1990s, 2G wireless cellular communication
based on digital technologies was introduced. It was
introduced in Finland in 1991. It rendered the features
like text messages, picture messages and multimedia
messaging service (MMS). 2G offered first time secure
environment of communication for both sender and
receiver. A digitally encrypted text message was
introduced which could only be received and read by
intended receiver. Digital mobile access techniques
like time division multiple access (TDMA) and code
division multiple access (CDMA), were also
introduced in 2G mobile communication systems.
Group Special Mobile (GSM) has been started from
Europe and was the first 2G system. GSM is one of the
most acceptable standard out of all the mobile
technologies in the world. It enables subscriber to roam
around the world. Latest technologies based on GSM
system, had emerged which lead this generation to step
further ahead and introduced 2.5 generation systems.
General Packet Radio Service (GPRS) is an extension
of Second Generation (2G) network to enhance the data
rates supported by these networks while maintaining
the required capacity. Second and a half Generation
(2.5 G) is an informal term which is used to describe 2G
systems having packet switched domain feature in
addition to circuit switched domain.

Enhanced data rates for GSM evolution (EDGE) is an
extension to 2G and 2.5G networks. EDGE superseded
the GPRS technology which operates in GSM
networks. If the carrier implements the required
upgrades with GPRS deployed on it, then it can operate
on any network. EDGE technology allows fast data
transfer and is termed as an extended version of GSM.
EDGE (part of 3G), is a radio technology and it is
mostly used over GSM due to its flexibility to carry
packet switch data and circuit switch data. One of the
glaring advantages of using EDGE is that it does not
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require additional software or hardware. It is an
exploitation of the technology by getting fast data rate
without paying any additional charges.

After an apparent demand to get away with the
differentiation between wireless and fixed networks,
the concepts of internet/ intranet, telecommunication
and the advent of virtual office, were considered as
future challenges. The concept of globalization
becomes more conspicuous after introduction of new
communication systems. It brought all offices, home
applications and services under one roof, hence, a
challenge for 3G communication system. Since in the
market today, there are variety of communication
systems available for the end user, so there was a need
to bring all players together on one commonplace for
future communication systems.

However, keeping in mind the heavy investments
involved in existing systems, it was recognized to
develop standards which could accommodate the
backward compatibility and should provide the
common framework to all players.

3G is the technology which superseded 2G and
preceded 4G technology for mobile communication.
International Telecommunication Union (ITU) has
implemented global frequency band in 2000 MHZ
range. 3G technologies offer more advanced services
without compromising the network capacity while
maintaining improved spectral efficiency.

High-Speed Downlink Packet Access (HSDPA) is a
mobile telephony protocol and extension of 3G which
is known as 3.5G. It allows higher data rates for
universal mobile telecommunication system (UMTS)
based 3G networks. It is a packet based data service in
WCDMA with higher transmission rate up to 8-10
MBPS whereas in Multiple-Input Multiple-Output
(MIMO) systems the data rate reaches up to 20 MBPS.
Hybrid automatic request (HARQ), MIMO, adaptive
modulation and coding (AMC) are few
implementations of HSDPA.

High-Speed Uplink Packet Access (HSUPA) is a
UMTS/ WCDMA uplink technology and pertains to the
technologies beyond well-defined 3G wireless
technologies. It is also known as 3.75 G. The HSUPA
and HSDPA are related to each other and are
complementary to one another.

The term 4G is all about the concept of commonplace
for operation of various networks with high data
transfer speed from 0-100 MBPS (with moving at the
speed of 60 kmph). However, the data transfer will be
of 1GBPS minimum (in case of stationary). There are
few inherent 3G problems of deployment and few
limitations pertaining to performance and throughput.
Hence, 4G is the concept initiated by the researchers to
further move beyond the limitations of former system.
Internet can be accessed through mobile device with
the help of EDGE, GPRS, WAP, Wi-Bro, Wi-Max and
Wi-Fi in 3G. If mobile device is moving to the place
where inter-operability among these technologies are
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Generation 1G 2/2.5G 3G/3.5G 4G 5G
Time 1970-1984 1990-2004 2004-2010 2010 onwards Soon (probably
Period 2020)
Data BW 2 Kbps 14.4-64 kbps 2 Mbps 200 Mbps to 1|1 Gbps and
14.4 Mbps Gbps for low | higher
Mobility
Standards AMPS 2G: TDMA, WCDMA, Single unified | Single wunified
CDMA, CDMA-2000 standard standard
GSM, HSPA WiMax
2.5G: LTE
GPRS, WiFi
EDGE,
IxRTT
Technology | Analog Digital Cellular Broad Unified IP and | Unified IP and
Cellular Tech | Tech BW CDMA, IP | seamless seamless
Tech combination of | combination of
broadband, broadband
LAN/WAN

Table 1: Comparison between various Mobile Generations

required to be obtained, then it will be stuck. The only
solution to the problem is 4G, with which one can
access all the aforementioned technologies while
moving from one place to another.

Technologies before the concept of 4G or pre-4G are an
extension of 3G with more bandwidth and services. 4G
was expected to render better quality audio and video
live streaming over Internet Protocol (IP). It is designed
to provide inter-operability and support all the latest
applications which were not supported by the previous
generations. Subsequently, this technology can be
further modified with the ever-increasing demand and
requirement of future e.g. the concept of massive
MIMO can be incorporated with the 4G concept
through which one can achieve the spatial efficiency as
well as high speed data rate. Comparison between
various mobile generations are shown in Table 1.

IV. FIFTH GENERATION TECHNOLOGY (5G)

The term 5G was introduced by the researchers for
the future mobile communication standards beyond the
4G. In mobile technology, wireless communication is
considered to achieve perfect level of communication
after introduction of 5G networks. Cable networks
have now become obsolete after the extensive intake of
mobile communication tools. Former wireless
technologies provide solutions which pertains to the
easy telephone and data sharing. 5G has given a new
dimension to the wireless mobile communication
technology by making it really mobile. It has
revolutionized the means of communication by using
cellular phones with very high bandwidth. Users have
become more aware about the features and services
offered by the mobile telecommunication companies,
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than ever before. Hence, 5G can cater all the user
requirements and demands related to the mobile
services in near future. Due to the high investments in
current infrastructure of network technology, itis notan
casy job to shift from 4G to 5G abruptly. However, to
achieve the features and services as envisage in 5G
concept, the current infrastructure of network
technology is required to be changed either by
redefining the standards or by replacing altogether.
Various aspects related to the shifting from 4G to 5G
are appended below [ 1], [3]-[7],[24]:

o Network Infrastructure - To achieve end to end
quality service in 5G networks, both IP based system
and voice would be embedded into a single unit.

e Data Encryption - In encryption, data is changed into
unreadable format which can only be decrypted by
sender or authorized receiver, whereas no third party
can understand it. Owing to the requirement of new
infrastructure as proposed for 5G, maintaining of data
encryption would be a real challenge. However, as an
interim measure, 5G can follow the data encryption
principles being followed in LTE, whereas encryption
can be applied for user and device identification and
authentication.

e Denial of Service (DoS) - 5G is prone to Denial of
Service (DoS) attack, due to its inherent environment.
Massive signals of uncountable devices are active at
any instant of time which encourages malicious users to
launch an attack by sending signals on behalf of others.
Itis very difficult to detect true sender in 5G scenario.

e Quality of Services (QoS) vs Network Architecture -
The aim of any generation of network is to provide
quality of services to its subscribers. Hence, for this
purpose the complete network is divided into various
layers. The performance of the upper most layer is very
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vital to provide better services to the user. This layer is
directly in touch with the user. Bug free layer is
required for proper functioning of 5G application.

o Tradeoff between Finance and Services - 5G
environment may consist of multiple networks with
different services and features. Users would require to
pay the charges of each network and service, which
results into heavy amount to be paid by the user. It will
be a challenge to maintain these details and bills in such
networks.

4.1. 5G-Challenges and their Proposed Solutions in
Recentworks

e Data Rate - 5G is expected to have data rate 1000
times greater than that of existing 4G network. Data
rate as desired for 5G networks, is also essential in
achieving low-latency communications. To overcome
this challenge, number of solutions and techniques
have been discussed in literature. In [25] various
techniques such as use of mm-waves, concept of
massive-MIMO, beamforming and use of small cells,
are discussed to enhance the transmission speed and
overcome the scarcity of spectrum. However, in [26]
the concept of Terahertz (THz) communications is
examined which uses the band 0.1-10 THz. Such
communication has abundant of spectrum resources as
compared to the resources associated with the mm-
wave band. In THz communications, benefits of
electromagnetic and light waves can be achieved
altogether. It is anticipated that THz communication
will offer multi-Tbs transmission in wireless
communications. Two types of THz physical-layers
transmission has been specified by IEEE 802.15.3d
[27] in the lower frequency band to obtain 100 Gbs data
transmission. Hence, by using THz communications
number of advantages [6G] can be achieved such as
large spectrum resources, integrating large number of
antennas to get multiple beams and highly directional
transmission which prevent inter-cell interference.
Many techniques such as sub-THz and visible light
links, densification of RAN, Network Slicing, Cloud-
RAN, backhaul networking, beamforming, cloud
implementation, edge computing and making use of
front haul links are investigated in [25], [28] to achieve
desired spectral efficiency and data rate. In [29], [30],
various techniques to attain desired level of data rate
and spectral efficiency for 5G is thoroughly explained.

e Response Time - Owing to the requirement of 5G
network and future demand especially in the field of
virtual reality and online services, the latency in 5G
should not exceed 1ms. The time 4G network takes or
latency in 4G network is up to 15ms which certainly
requires improvement. To mitigate the latency problem
and to improve the response time as desired for 5G
networks, number of studies have been carried out to
investigate the matter [31]-[36]. The recent techniques
especially ML is applied to signal processing, spectrum
sensing and allocation and spectrum mapping [37]
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which increases the response time of the system. The
concept of photonics-defined radio will change the
paradigm of future communication system [38]. In
[38], AI for 6G is evolved through combining
photonics defined radio with ML. Combining photonic
technology with Al to achieve low latency for future 6G
infrastructure is discussed in [29]. Another concept of
new frame structure for SG with low overhead and less
latency is discussed in [39]. An ultra-reliable low-
latency communication (URLLC) for autonomous
vehicular networks in 5G cellular communication
system is proposed in [40]. The proposed scheme
evaluates the combined effect of reliability and latency
on 5G networks. Models of reliability and latency are
discussed and their joint function is proposed.
However, on the basis of their performance analysis
and to mitigate their conflict in 5G networks a network
slicing solution is also proposed. The network slicing
technology offers efficient radio resource utilization of
wireless networks and provides solution to multiuse
scenarios in shared network infrastructure.

e Power/ Energy Conservation — In 5G networks, long
life of battery is an essential requirement, therefore, it
will be enhanced ten times more than that of the current
4G networks. It is also anticipated that energy and cost
will be reduced in 5G networks. Energy efficiency is an
essential attribute of 5G communication systems.
Various energy-efficient techniques related to 5G
networks have been reviewed and discussed in
literature. In [41], [42], authors reviewed the energy
crunch through economic and environmental concerns.
Approaches to enhance the energy efficiency are
grouped in four broad categories, such as network
planning and deployment, energy harvesting and
transfer, resource allocation and finally hardware
solutions. In [41], an exhaustive survey of most modern
work done focusing on the energy efficiency of
wireless networks. The energy efficiency is measured
in bits-per-joule as a performance metric. The paper
classifies the work on energy efficient wireless
networks into aforementioned four categories based on
their focus. Firstly, (radio) resource allocation: The
energy efficiency of a communication link has been
defined by an expression (equation (2) of [41]). Itis a
non-monotonic function of transmit power which
indicates the presence of a maximum viable transmit
power. Secondly, network planning and deployment: It
maximizes the covered area per consumed energy
through dense heterogeneous networks, and
employability of massive MIMO, making BS and
nodes sleep to reduce power consumption. Making
nodes employ device-2-device communication would
also offload networks, e.g. using visible light
communication, mmWave cellular or even through
local caching to offload backhaul wireless links.
Thirdly, energy harvesting and transfer: considering
both renewable and radio energy harnessing, it also
focuses on work that consider simultaneous transfer of
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information and energy to nodes. Fourthly, hardware
solutions: evaluating effects of low power amplifiers,
simplified transmitters/receivers, cloud based
implementation of some of base-station functions in
software to reduce BS size and hence power. The paper
concludes that optimizing individual aspects would not
be able to achieve the target of 1000 times energy
efficiency of current wireless systems. Hence, a holistic
approach would be needed that could deal with
interference, and randomness with new energy models.
Another energy efficient scheme is proposed in [43]
which exploits the vacation period of the BS. It
anticipates the sleep depth period of BS in advance. In
this scheme for partial deactivation (sleep depth) and
fast activation of the hardware, 5G RAN with dual
connectivity (separate data and control plane) is
considered. Hence, power consumption is reduced due
to on-demand system and this approach is known as
control-data separation architecture (CDSA). It has
been implemented in 5G RAN standard. This scheme
shows that BS consumes lowest power during
deactivation (sleep depth) period which results in
considerable reduction of energy consumption. In [44]
authors proposed nature inspired approach (NIA) for
energy optimization in 5G networks. The scheme
follows the river formation dynamics (RFD) approach
to optimize energy for 5G. An energy efficient Doherty
power amplifier (DPA) MMIC for 5G applications
along with a beam-forming oriented DPA, are proposed
in [45]. An offset line is removed behind the main
power amplifier (PA) in the proposed architecture,
hence it becomes more compact in size. Energy
efficiency in DPA is achieved through an appropriate
selection of Z-load and power ratio between main PA
and auxiliary PA. In beamforming oriented DPA,
energy efficiency is achieved by reducing the number
of feedback paths and pre-distorters. In [46], a power
efficient scheme is proposed for non-orthogonal
multiple radio access (NOMA). NOMA is considered
one of the promising schemes for 5G networks. Power
optimization is achieved through low complexity
power resource allocation scheme for downlink
NOMA systems.

o [ntegration of Assorted Standards - Each technology
has its own standards. To integrate different
engineering practices and standards, require systematic
and time consuming approach. A massive advancement
in communication technology is taking place where
billions of devices are generating enormous proportion
of data. However, there is no unified standard for 5G
networks for these devices to establish communication
with each other. A new structural paradigm or
technology shift is required for complete realization of
future 5G networks. 5G technology is considered as an
essential tool for realization of future IOT associated
with machine-to-machine (M2M) communication
where billions of devices will be connected. Efforts are
in hand to establish a unified standard for 5G networks
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by 2021 in US, South Korea and China [47]. In [48]
software defined network (SDN) and Network function
virtualization (NFV) are discussed with the view to
analyze generalized solutions for various integrated
schemes of 5G wireless networks. The existing gap
between certain enhancements and 5G network can be
addressed through innovative enabling techniques. An
overview regarding 5GS gap analysis and its
management is presented in [49]. An overview is
presented on passive optical networks (PONs) and their
requirements for 5G wireless communication in [50].
Few fundamental changes are also discussed in 5G
transport architecture and progress on current
standards. Latest studies and innovative techniques
related to unified standards for communication devices
in 5G networks are presented in [51] - [55].

e Common Platform - There is no common platform to
regulate various engineering practices. An architecture
in terms of common governing body is required. It can
provide a common platform for all engineering
practices to regularize and resolve their
interconnectivity matters. It can also render its services
in terms of sharing knowledge. The concept of an
operating system (OS) for 5G is discussed in [56]
which will act as central unified software platform. It is
anticipated that future networks will be too complexed
and dynamic to handle by humans. Such scenarios
demand automated systems and techniques (virtual
machines, ML, Al, etc) to manage and control the
future networks. The aforementioned OS will regulate
all functions and management issues relating to 5G
networks. Requirements for 5G end-to-end
measurements through a common platform is also
elaborated in [57], moreover, various opportunities are
discussed to utilize MONROE platform for 5G
networks. Another concept of SGENESIS is described
in [58] which embodies many platforms. These
platforms are also termed as 5G testbeds and provide
experimentation facilities. In [53] a unified platform
for 5G networks is proposed which is termed as control
architecture for 5G networks. The proposed
architecture broadly encompasses the functionalities of
access control and session control. Using access
control function, it allows connections through access
network through constant signaling technique. Hence,
the proposed architecture lessens the reliance on access
network. Likewise, the session control function
enables session control by constantly sending session
requests over various access network. Telecom
networks are designed in a hierarchical way, where all
traffic is accumulated at a collection point (base station
controller) and routed to gateways. To reduce the traffic
load on aggregation or collection point, flat IP
architecture will be better option. In flat IP architecture
subscriber traffic is directly routed from base station
(BS) to the gateways. A common IP platform will be
emerged after transition from legacy (TDM, ATM)
platforms to IP. Super core concept [59] is based on IP
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platform. All network operators can be connected to
single Super Core with massive capacity which is also
realization of single network infrastructure. Super Core
concept will resolve all interconnecting matters and
complexities, which are presently being faced by
network operators. By implementing Super Core
concept will definitely reduce the number of entities in
end to end connections, which will also result in
reducing the latency.

4.2 Enabling Technology for 5G

Major modification in existing technologies is required
to achieve desired standards for 5G so that it can offer
more accurate, reliable, secure and fast data processing.
Few ofthem are appended below [1],[3]-[7],[23]:

e Enhancement of Network Density - Densification can
be achieved through deployment of large number of
cells in lesser space. It is one of the challenges faced by
researchers nowadays. However, deployment of cells
within one tenth of square kilometer has already been
achieved.

e Massive MIMO - After the introduction of MIMO,
capacity of the radio link has been increased manifold
due spatial multiplexing, by employing multiple
transmit and receive antennas. Spatial multiplexing
requires the configuration of MIMO antennas and
harnesses this feature to get better results. Higher
capacity is yet to be achieved after the inclusion of
Multi-User MIMO in 3GPP LTE- advanced standard.
In Massive MIMO technology, number of terminals is
lesser than the number of antennas. Hence, better
standards and features are expected to achieve once
incorporated with the standards of 5G technology.

o Millimeter (Mm) Wave - Transmitting large amount of
data is one of the important uses of millimeter waves. In
all wireless communication technologies, specific
range of frequencies and wavelengths are used. It has
been found that 30-300 GHz are freely available
bandwidth which makes the total available spectrum
200 times larger than that of currently used frequency
in this range.

e Direct Device to Device (D2D) - Network devices or
base stations receive thousands of requests
simultaneously. Exchange of data between the two
devices without involving network devices increase the
data transfer speed whereas reduces the load on the
network devices. Dealing with the heterogeneity of
network is essential for such purpose for which many
protocols have been decided.

o Full Duplex Wireless - The capability which enables
both sides simultaneous data transmission over same
frequency band is known as full duplex. The benefits of
full duplex wireless include security, latency
improvement and increase of physical layer capacity.

o [nternet of Things (I0T) -10T is a worldwide network
which uses the standard communication protocols. It
also employs diverse technologies to gather and
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process the huge amount of data from heterogeneous
devices. It is anticipated that in next two years more
than 50 billion devices will be connected as constituent
of IOT [60] and this number may increase more than 75
billion devices by 2025 [61]. Consequently, massive
data will be generated which requires certain features
which are attributes of an efficient communication
system such as quality, capacity, speed, reliability and
heterogeneity. However, IOT devices lack in
computing resources which is their intrinsic limitation.
Hence, to overcome this limitation, tasks of numerous
applications are required to be offloaded to computing
systems for further processing. This arrangement
increases the latency and creates congestion in the IOT
networks [62]. Anovel paradigm 5G intelligent [OT (I-
IOT) has been proposed in [60]. The concept of 5G I-
IOT paradigm is to congregate three major components
which include intelligence, internet and things. It is
anticipated that 5G will be the backbone of future IOT
devices with the advancement of wireless technologies.
An eight layered architecture has been proposed in [61]
to cater for the connectivity of billions of IOT devices
through 5G technology. A concept of IOT applications
using 5G edge, is proposed in [63] to mitigate the
computational problem related to IOT networks. The
basic idea is to exploit the capacity (in terms of storage)
and computational potential of the edge devices
connected to the internet and placed in-between the
devices. In [64], authors discuss the use of Al and CR
for an intelligent usage of spectrum in IOT base 5G
networks. In proposed approach, Kipling's method is
used for intelligently and efficiently managing the
network resources in IOT based 5G networks. The 5G
networks are embodiments of an anticipated 10T
application as it promises the massive bandwidth. 5G
can contribute significantly to the IOT networks by
connecting billions of IOT devices (things) to produce
future gigantic IOT. Presently, IOT systems are
designed for specific application domain, however IOT
is developing expeditiously with latest technologies
especially with the concept of correlation between
smart devices and smart environment. The industrial
IOT (IIOT) has also undergone tremendous
development in order to produce new products, their
solutions and transforming the business models [65].
4G (LTE) and 3GPP are the communication techniques
which are most popular for interconnectivity of the IOT
devices. However, recently extensive work has been
done for finding solutions to incorporate 5G with [OT
networks. In[66], a management scheme is proposed to
access IIOT based 5G new radio (NR) standalone
system. The proposed scheme offers low latency rate
and provides massive machine type service for
establishment of communication between user and 5G
NR standalone system. In [67], authors investigate the
security architecture in order to address the
vulnerabilities of IOT systems. The proposed approach
uses analytic hierarchical process (AHP) to evaluate
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the ten existing models of IOT in order to design the
best possible security model for future IOT systems.

o Artificial Intelligence (AI) - In 5G networks,
numerous mechanisms related to service provision and
transmission take place simultaneously. Al enables 5G
to adjust its parameters and configurations rapidly and
intelligently. Subsequently, it reduces overall latency
rate and enhances the reliability of the communication
system. Ever growing technologies in the field of
wireless communications demand efficient solutions
for radio resource management (RRM). The
requirement of the configuration parameters in 5G is
expected to be much more as compared to the 4G node.
There is a need to enhance the intelligence of such
architecture to meet the future demands of the
communication systems. In [68] software defined
networking (SDN) architecture for 5G is discussed
which uses centralized logic for routing and
networking functions. However, with only low level
configuration commands, it is extremely hard for
network hardware to manage various makes and types
of network devices, ever changing policies and its
implementation. An intelligent mechanism or
techniques like A, machine learning and control theory
etc., are required to deal with such challenges for self-
organization of the network [69]. A cellular network
architecture supported by Al is discussed in [70], where
an Al-controller is placed in an open network operating
system (ONOS). Al-controller manages
communication between RAN, core network (CN) and
SDN controllers. Another possible implementation of
Al'in 5G networks is presented in [71] through CogNet
scheme. Al applications enhances the adaptability of
the network which enables it to adjust and reorganize
itself with the constantly varying future demands.

® Beyond 5G (6G) - 5G technology follows the path of
its predecessor and is assumed to be an extension of 4G.
Hence, very marginal improvement is expected. With
the realization and expected commercialization of 5G,
the concept of 6G has become one of the core area for
research. There are few countries who have already
launched their future strategies related to the 6G
technologies. The European Union has launched their
three years plan on 6G technologies in September
2017. In China, a study has been started to incorporate
the concept of 6G with IOT especially in the fields of
virtual reality, medical imaging and sensing. An eight
years' research plan, “6Genesis”, has been launched in
April 2018, as a joint venture between the Academy of
Finland, University of Oulu and Nokia [72]. In [73]
authors ascertained that commercialization of 6G
technology will be started in next ten years. The
expected inherent attributes of 6G networks will be
ultra-high processing speed, ultra-low latency and
massive capacity. It is also anticipated that the data rate
of'the 6G will be increased by 100 to 1000 times where
as capacity will be 10 to 1000 times greater than 5G
networks [74]. 6G can be termed as paradigm shift in
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mobile communication systems which brought
revolution in such systems. In [29] authors proposed
numerous technologies such as Al, photonics-based
CR and holography radio technology as appropriate
candidates for 6G systems. Few promising future
techniques such as multi-band ultra-fast speed
transmission, super flexible integrated networks,
multi-mode multi-domain joint transmission and
intelligent transmission are described in [30] for future
6G architecture. The authors also discussed some
potential challenges for 6G development such as power
supply issue, network security and hardware
architecture. Possible solutions to such problems are
also described in [30]. The concept of data center
connectivity through 6G is discussed in [75]. The basic
idea is to get benefit from the inherent attributes of 6G
technology while ensuring flexibility and adaptability
without undermining scalability of the communication
network. The concept of quantum machine learning for
future 6G communication networks is presented in
[76]. The authors discuss the concept of quantum
computing (QC), machine learning (ML) in detail. The
emergence of their mutual framework known as
quantum-ML (QML) is also described with the view to
exhibit their collective gains. There exists numerous
latest techniques and framework related to 6G
technology yet these are not discussed as considered
beyond the scope of this paper.
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Fig. 2: Cognition Cycle Model [17]

V. COGNITIVE RADIO (CR)

Generally, it is defined as an intelligent radio in which
transceivers can be reconfigured and can adapt
themselves with the new condition of the network [13].
CR encompasses two major areas of working i.e. Full
CR and spectrum sensing. To optimize the network,
network parameters are required to be modified which



Technical Journal, University of Engineering and Technology (UET) Taxila, Pakistan

Vol. 24 No. 3-2019

ISSN:1813-1786 (Print) 2313-7770 (Online)

is taken care by Full CR. Spectrum sensing is an
essential area of CR which senses the available
spectrum for utilization to avoid underutilization of
spectrum. CR is the best choice for detection and
allocation of available spectrum for an instant which is
also known as dynamic spectrum access technique. For
optimum utilization of spectrum in CRN, SU can only
use the spectrum (at a particular instant of time) when it
is free.

5.1. CR-Key Terms

o Spectrum Sensing - In CRN the spectrum is sensed by
the cognitive terminal after a particular instant of time
and switches to best available frequency band.

o Spectrum Sharing - Once the licensed user occupies
the band, the resources are shared without affecting the
adjacent licensed users.

e Sensing Based Spectrum - In this technique CR user
lower its transmit power after confirmation that
licensed user is not using the spectrum.

5.2. Cognition Cycle (CC)

CC is atechnique for learning the best solution from the
past experience. Almost all Al concepts have been
applied to employ CC in CRNs. However,
implementation of CC in the perspective of 5G is very
limited in literature. The concept of CC is very close the
concept of self-organization. The three attributes of
self-organization which include scalability, agility and
stability, are the inherent characteristics of CC. The
concept of scalability is to keep the complexity level to
the minimum even if the number of nodes increase in a
distributed network. Stability follows limited number
of states within an appropriate time interval without
oscillation. Agility adapts to the variations in operating
domain. Detail working of CC is shown in Fig. 2.

5.3. CR Architecture

There were two basic problems which were faced by

the researchers before suggesting the architecture of the

CRN. Firstly, any variation done in transmission mode

by the device in CRN may leads to the malfunction of

algorithm. Secondly, the bandwidth varies due to the

move of user having different bandwidth, to another

location. Due to these problems, researchers proposed

architecture of CR with three basic sub systems. Fig.3

shows the CR architecture with the following three

basic sub systems:

o Cognitive Unit - Decision making mechanism
depending on provided input.

e SDR Unit - Operating environment provided by
operating system.

e Component which determines the signal and user
characteristics.

5.4. Accesses in CRN
Fig. 4 shows the CRN architecture. There are three
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types of accesses which are performed by CR:

e CRN Access - Sharing of the spectrum is independent
of primary network. CR users can access their own base
station irrespective of licensed or unlicensed band.

e Primary Network Access - In CRN, licensed band can
be accessed by CR users through primary base station.

e CR Ad-hoc Access - Different cognitive users can
intercommunicate through ad-hoc networks over
licensed and unlicensed bands.
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I/P Engine
| Rule Set I
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| Policy Domain |

Fig. 4: Architecture of CRN

5.5. Functional Model of Cognitive Engine (CE)

In an introductory paper of CR [24] functional model of
an ideal CE having various stages like observe, orient,
plan, decide, act and learn, has been suggested.
Observe generally, is the first stage in the loop which
passes response to another stage in the sequence as
shown in Fig.5 [77]. Fig.5 shows following stages of
two loops:

e Loop-1 known as Sensing and Adaption loop -
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Fig. 5: Cognitive Loop at two levels

Observe, Orient, plan, Decide and Act
e Loop-2 known as Learning loop - Decide, Plan, Act
and Learn.

5.6. Building Blocks of CE

e Modelling System - Observe stage is taken care by
Modelling System in cognitive loop and sensing
function. It can handle in the form of user, wireless and
policy domain. Stable model of the machine is
achieved through prior knowledge, identification,
integration and abstraction of input information.

e Knowledge Base - As name indicates, it consists of
knowledge through information gathers either
manually or from different devices. The knowledge is
collected from prior experience and temporary network
condition feed.

e Reasoning Engine - It is also known as a brain of
Cognitive Engine and one of the most important
component of entire system. In adaptation loop, it helps
in simulation of Orient, Plan, Decide and Act.

e Learning Engine - It collects all the feedbacks related
to the actions taken by the CE along with effects of
results. It accumulates it as knowledge and converts it
as knowledge base. Due to its vital performance, it is
also known as futuristic brain of CE.

5.7 Key Benefits of CR

CR has some advantages over rest of the methods in
terms of various parameters like time and space,
frequency, modulation and power. Following are few
benefits of CR:

o Efficient Spectrum Management - The basic purpose
of CR is to accept the future challenges like increasing
demand of spectrum and provide efficient spectrum
management to the users.

e Higher Bandwidth - CR can also support the higher
bandwidth ifitis required by the user.

o Continuity in Services - When the condition of the
network is not satisfied, it ensures the continuity in
services by avoiding sudden drop through graceful
degradation of services.

® Quality Assurance - Quality assurance is the basic

42

requirement of any network, so is the case of CR. To
ensure quality of services few parameters like data rate,
latency and cost are the indicators which can determine
the availability and reliability of any wireless networks.
e [ndependent of Hardware Platform - CR is
independent of hardware platform and supports the
hardware capable of handling different types of
software.

5.8. Spectrum Sensing Techniques in CR

It is the process of finding vacant radio spectrum in the
absence of primary or licensed users. Effectiveness of
CRN depends on an efficient spectrum sensing.
Spectrum opportunity found by CR, is based on
proactive or periodic and reactive or on demand
approach. There are two possibilities to find either PU's
receiver spectrum operating range or to detect PU's
transmitter. However, receiver detection is not
possible, hence, PU's transmitter detection based
sensing is used. Spectrum sensing is generally
classified into two sensing techniques, viz: cooperative
sensing and non-cooperative sensing. Centralized and
decentralized schemes pertain to Cooperative sensing
where as non- cooperative involves primary user
transmitter detection.

5.8.1 Non-Cooperative Sensing

Non-cooperative spectrum sensing is used by
secondary users to detect the primary user transmitted
signal through local observations and measurements. A
binary hypothesis model is used for analysis of signal
detection,

_ (n(®), 0<t<T Ho
(1) = {hs(t) +n(), 0<t<T H1 (1)

where, x (t) represents received signal, n (t) additive
white Gaussian noise, s(t) primary user transmitted
signal, h the channel gain, H, represents absence of
primary signal and H, represents that the spectrum is
occupied. Various methods in non-cooperative
spectrum sensing are as followed:

o Energy Detection Method - Due to the non-coherent
detection approach, SUs generally do not know the
PU's signal attributes. In this technique, the strength of
received signal of transmitter is compared with the
level exclusively set for detection. Time division
energy detection is based on Urleowitch detection
which proposes that priory measured signal and noise
variance can be measured in AWGN [78]. Input signal
y(t) first passes through Band Pass Filter (BPF) with
central frequency f,, and bandwidth w, then transfer

function is given by:
2
— —fo|lsw
H(f) = {w— 17 = rol )
0, |f = fol >w

where, N, is one sided noise power spectral density
which helps in normalizing false alarm and detection
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Fig. 6: Flow of working in energy detection based sensing

problem. After passing through BPF, signals get
squared and then finally signals are integrated in period
oftime slot'T', in comparison with received signal A.

{ HO: y(t) =w(t) 3

H1: y(t) = x(t) + w(t) 3
Where, H, shows no signal transmitted and H,
represents signal transmitted. x(t) is unknown
deterministic transmitted signal whereas w(t) is AWGN
with zero mean and variance (o,= wN,). SNR is
expressed as y(t)= os,/ on, where os, represents
variance of signal and on2 represents noise variance.
Fig.6 shows the flow of working in energy based
sensing. Noise signal can be constructed with the help
of Shannon's sampling formula as:

n(t) = Y12, n; sin 2wt — i) (4)

Where, sin(x) = SINTX/TX is a normalize sin function
and #n, = n(i/2w) is ith noise sample. Test sample is
calculated as:

V= fim®)?dt ~ — (5)

o Waveform Based Sensing - This sensing method is
based on pattern recognition. There are many patterns
like preambles, successive transmitted pilot patterns
and spreading sequence etc. that exist. These patterns
are used to sense whether received signal is the copy of
itself [79]. Presence of PU can be detected by using
some derivation as explained below:

y(n)=w(n)+s(n) (6)

where, s(n) is the signal which is required to be
detected, w(n) is a sample of AWGN and n is a sample
index. For the energy detector, decision matric is
written as:

2TW .. 2
i=1 14

M= Evzfgo |J7(n)|2 (7)
Where, N denotes the size of observation vector
M = Re[y(n)s x (n)] (8)

Where * is a conjugation operation. In the absence of
PU, metric value is:

M = Re[ ¥, w(n)s = (n)] (9)

When PU is present then matric will be
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M= Yi_ils(mI*+ Re[Xh-,wm)s x ()]

(10)

values of M are compared with the threshold value
known as AE and then presence and absence of PU is
detected. Experiment result shows that waveform
based sensing can perform better than energy based
sensing in terms of reliability and convergence time
[79]. Overall performance will increase with the
increase of known signal patterns.

e Cyclo-Stationary Sensing - SU operating in the same
frequency band, knows the attributes of PU which
includes data rate, carrier frequency and type of
modulation. The presence of legitimate user is detected
by the characteristics of received signal due to
periodicity or recurrence. In this type of detection, for
normal execution fast fourier transforms (FFTs) are
used. Overall system performance is likely to be
degraded due to the presence of nonlinear RF.

o Matched Filter - In this method prior knowledge of
signal information being used by PU is required. Input
signal is compared with already known signal for
detection. It is also called coherent detection method.
Output SNR is increased for input signal by optimal
detector. Due to the presence of timings and frequency
offsets, the performance of this type of detection is
degraded.

5.8.2 Cooperative Sensing

There are few challenges in non-cooperative spectrum
methods which include requirements of high detection
sensitivity, exploitation of vulnerable PU's receiver by
SU, complexity and difficulty in terms of sensing in
multiuser environment etc. [15] [78]. In cooperative
sensing, multipath fading and shadowing effects pose
major limitation. There are few Sus which are in fading
region where as few are with stronger signal strength in
the spectrum environment. In cooperative sensing, SUs
share their details including channel occupation and
CR information. Reliable spectrum information can be
acquired through the combination of both information.
The popular sensing techniques in cooperative sensing
are Centralized sensing and Distributed sensing. In
Distributed sensing approach, data is sent through
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neighborhood CR users for decision of sensing
information. Whereas in case of Central sensing, fusion
center decides the unused spectrum after the analysis of
sensing information received from cooperative SUs.
Issues related to synchronization and the sensing delay
are few challenges for cooperative sensing techniques
inCrs.

VI. CR BASED 5G - A REVIEW FROM
FEW RECENT WORKS

In mobile generations, there are two types of
network architectures which include centralized
particularly in early mobile generations and other is
cluster approach in later mobile generations. There is a
need to work in all forms of network architectures. 5G
mobile technology based on CR, inspired researchers
to use both simultaneously as it supports both
integrated and cluster architecture. It also shows the
similarities between 5G and Cognitive Radio [10]. In
mobile communications, transmitting and receiving
node is called terminal. 5G network consists of many
heterogeneous mobile networks, hence it must manage
its quality of service while interacting with different
technologies. On the other hand, CR plays a vital role in
switching from one mobile technology to another by
providing flexibility in radio configuration. In 5G, CR
technology is based on the design of CE which uses
various approaches like nature inspired algorithm,
statistical models and genetic algorithm etc. To
manage resources and adaptation (selecting proper
value of CR), implementation of CR in 5G is the best
choice since these are few primary goals to achieve in
5G which can only be achieved with the help of CR. 5G
network must have the capability for taking real time
decision which can be achieved through better
allocation of resources in the network and is also
referred as intelligent system capability.

It is believed that future 5G system will meet many
rigorous requirements related to cost, energy and
productivity, associated gadgets and quiescence. CR is
one of the solutions to achieve these requirements by
avoiding underutilized approaches like microwave
frequencies where there is a critical shortage of useable
frequencies. CR has the methods and applications to
extend its frameworks from conventional cell to D2D
(Device to Device) and V2V (Vehicle to Vehicle)
correspondence framework through underlay and
overlay dynamic range access. CR can improve the
functionality of the system through permission for
artful and shared range access in cell frameworks. In
D2D frameworks, for an efficient communication there
is a requirement of large short range availability which
is achieved through utilizing CR. Similarly, CR
methods can be managed and applied in vehicular
applications e.g. autos without drivers, particularly in
the street movement which ultimately add in
accomplishing the zero-mischance objective without
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bounds ITS (Insightful Transport Frameworks).
Furthermore, for heterogeneous system (HetNet),
Cognitive Radio may be utilized to latency tolerant
information activity to different levels and RATs
(Radio Access Advancements) which will be
successful to extenuate the blockage of movement.
Given all the stated advantages of CR based 5G
networks, there are still some difficulties which will
require to be addressed. One of the major problem
would be in finding the solution of making CR
transmission self-sufficient in terms of power without
affecting critical impedance to the essential system
particularly in heterogeneous environment. In this
section we review recent work related to CR for 5G
networks.

The cognition cycle possesses an intelligent
framework which helps decision maker to get insight of
network and adapt to the dynamic condition of the
network. Limited investigations on cognition cycle
have been carried out from the perspective of 5G,
however, an artificial approach (reinforcement
learning) has been applied in this regard. In [80]
Cognition cycle based 5G network is presented in
which cognition cycle is embedded in a pico-cell of a
base station (BS) which changes its coverage area
accordingly, in order to offload traffic of macro-cell
BS. However, there will be more offload traffic from
the macro-cell BS if the coverage area of pico-cell is
increased. Resultantly, pico-cell experiences
unsuccessful packet transmission due to the lower
signal-to-interference plus-noise ratio (SINR) of the
nodes at the perimeter of the pico-cell. The main aim is
to maintain load balance among these cells in order to
achieve successful transmission. The proposed scheme
deals with the low scalability in ultra-dense
environment and extremely dynamic networks using
operational attributes of cognitive and traffic oftload.
This scheme shows improvement in throughput
performance and successful transmission by
maintaining the load balance. In [81], best possible
channel for the nodes are known through the channel
assignment by the BS. It is learnt by sharing the
information of channel assignment with the nodes for
user association in CR based 5G network. In channel
assignment operation, BS assigns an operational
channel to the nodes in extremely variable (in terms of
white noise and channel interference) network. In user
association operation each node picks up and associates
one of the BS that ensures reliable and successful
transmission. The main purpose of this scheme is to
allow BS of the network cell to handover its nodes to
the adjacent network cells whenever inter-cell
interference increases. This scheme deals with the low
network capacity and improves the energy efficiency in
order to enhance the overall QoS.

White spaces in the cognitive channels can be
identified by the SUs through channel sensing. During
the PUs' activities, channel remains occupied and SUs
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need to track the PUs' activities in the cognitive
channel. In [82] channel sensing is performed by BS in
CR based 5G network. It evaluates the probability of
channel transition due to the activities performed by PU
and the poor quality of the channel. Markov model is
used for representation of channel quality on the basis
of channel statistical information. The main purpose is
to estimate PUs' occupancy of the cognitive channel
and activities. The proposed scheme deals with the low
network capacity in heterogeneous environment and
extremely dynamic networks using operational
attributes of cognitive and traffic offload. This scheme
improves the spectral efficiency in order to enhance the
overall QoS. There is another term with regards to
channel sensing is called collaborated channel sensing.
In collaborated channel sensing each SU shares its
cognitive channel sensing information with fusion
center (BS) for final decision in terms of channel
availability. Collaborated channel sensing deals with
the multipath shadowing and fading effects caused by
the individual channel sensing. In [83] the cognitive
capabilities are shifted from SUs to the access points by
embedding the spectrum resources in BS. In this
approach, individual channel sensing by SUs is not
needed. This scheme addresses the limitation and
shortcomings of collaborative cognitive channel
sensing technique. The proposed scheme deals with the
low network capacity and large signaling overhead in
heterogeneous environment and extremely dynamic
networks using operational attributes of cognitive and
traffic offload.

In a cellular network, all nodes share spectrum
resources among themselves in order to get maximum
advantages out of spectrum sharing. Spectrum sharing
and inter-cell interference coordination (ICIC)
operations lessen the effect of co-channel and inter-cell
interference. In [84] - [86], nodes are allowed to access
dynamically to the licensed and unlicensed cognitive
networks. Three approaches are discussed in [86] in
order to achieve aforementioned scheme. Firstly, avoid
using same operating channels by the adjacent nodes
and overlapping cells. The other approach is to back-off
so that cellular nodes (non-contention based) do not
interfere with the WiFi nodes (contention based).
Lastly, dealing with the dynamic activities of WiFi
networks which creates impediment for cellular
networks, hence, achieving impartial concurrency of
various networks. The use of directional antennas and
beamforming in order to mitigate co-channel
interference among the cells, is also discussed in [86].
The concept of small cells for SUs is presented in [87],
which allows SUs to select operating channels with
greater channel capacity and lower inter-cell
interference. The higher channel capacity of each
operating channel results in an overall enhancement of
network channel capacity, hence, increases the
throughput of the CR based 5G networks. The proposed
scheme deals with the low network capacity in
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heterogeneous environment and extremely dense
networks using operational attributes of cognitive and
traffic offload. This scheme is cost effective in terms of
hardware. It also improves the spectral efficiency and
throughput of the network. In this proposed scheme,
cognition cycle is based on an algorithm, called
genetic-based algorithm and is embedded in small cells
of the CR based 5G networks. The functions of the
proposed algorithm are to increase throughput and
SINR, and to reduce inter-cell interference and
hardware cost. The performance of the genetic-
algorithm is evaluated by comparing it with graph
theory. Numerical results confirm that genetic-
algorithm outperform graph theory in terms of less
number of macro-cells and greater number of small
cells. In [88], user association approach is used for
association of a node with network cells in order to
achieve reliable and successful packets transmission in
CR based 5G network. The proposed scheme deals with
the low network capacity in extremely dense and co-
existence of various networks using operational
attributes of cognitive and traffic offload. This scheme
maintains higher spectral efficiency and also enhances
energy efficiency. In [84], a back-off scheme is
presented to lesson-before-talk (LBT) in which each
node is equipped with channel sensing capability and it
backs off before transmission from unlicensed
cognitive channel. The proposed scheme enhances
spectral efficiency and overall improves QoS. Another
spectral efficient approach with centralized controller
is presented in [85]. The main function of the
centralized controller is to administer the radio
resources of unlicensed cognitive channels utilized by
WiFi and cellular networks. The new concept of
enhanced cognitive radio networks (E-CRNs) [89] is
based on Spectrum Sharing (SS) and Spectrum
Aggregation (SA) for 5G wireless networks. The E-
CRNs jointly exploit the licensed spectrum utilized for
primary user (PU) networks whereas the unlicensed
spectrum aggregated from the industrial, scientific, and
medical (ISM) bands. The E-CRNs provide a new
paradigm for spectrum usage with efficient use of
different types of frequency bands. The proposed
scheme significantly improves the system performance
in terms of data rate, outage probability, and spectrum
efficiency (SE) which meets the requirements of future
5G wireless communication networks.

In 5G, nodes can exchange direct messages without
involving BS through D2D communication. D2D
communication has been formally used in 4G (LTE)
communication and has already been approved by
third-generation partnership project (3GPP) in 2014
[90]. The concept D2D communication in 5G is
presented in [91] and [92]. The overlay and underlay
schemes are used in D2D communication for the access
of operating channels in cellular networks. Dedicated
non overlapping orthogonal channels are assigned for
cellular and D2D communication in overlay scheme to
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address underutilized channels in cellular networks. On
the contrary, underlay D2D scheme uses same channels
for cellular and D2D communications. The main
purpose is to address interference issues among cellular
and D2D communication. The underlay scheme is also
used in [93], in order to investigate and utilize white
spaces in CR based 5G vehicular network where
vehicular nodes act as SUs. The proposed scheme deals
with the low network capacity in extremely dense and
co-existence of various networks using operational
attributes of cognitive and traffic offload. This scheme
maintains higher spectral efficiency and also enhances
overall QoS performance.

The use of omnidirectional antennas, increases the
possibilities of inter-cell interference among adjacent
nodes due to the transmission in all directions. Massive
MIMO, where BS is equipped with array of small-scale
antennas, supports highly directional antennas with
beamforming. The directional traffic can be regulated
or directed in order to form sectors. It enhances channel
capacity, energy efficiency as compared to
omnidirectional antenna and coverage area. In [94],
two neighbouring nodes with multiple antennas are
connected through a link represented by beam and
operating channel in CR based 5G network. The main
purpose is to establish a link using narrow beam for
highly directional data transmission. The proposed
scheme deals with the low network capacity in
extremely dense and co-existence of various networks
using operational attributes of cognitive and traffic
offload. In this scheme a sensor is used by the node to
track the neighbouring mobile node in order to
establish a link using narrow beam. This approach
improves latency rate of the network and reduces
overheads due to re-beamforming.

Data plane and control plane can be accessed at one
time as it is used in CR networks, by the cells or nodes
of the communication network. In [94], pico-cells are
used for communication network in which data plane
uses mm-Wave radio access network for transmission
whereas low frequency radio access network is used by
control plane. The proposed scheme deals with the low
network capacity in extremely dense and co-existence
of various networks using operational attributes of
cognitive and traffic offload. The proposed scheme
improves latency rate and transmission probability.
Scheduling is a technique used for allocation of radio or
network resources to the nodes and cells of
communication networks. At various granularities,
more than one scheduler can be assigned for allocation
of resources. In [95], more than one (two) schedulers
are assigned for transmission at various time
granularities in CR based 5G network. The two
schedulers called, centralized scheduler and distributed
scheduler. The former with greater time slot, is
embedded in the control plane of the main networks
and latter with shorter time slot is embedded in the data
plane of BSs. The basic purpose is to increase the data
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rate of the BSs. The proposed scheme deals with the
large signaling overheads in extremely dense and co-
existence of various networks using virtualization
operational attributes of cognitive and network.

This scheme improves the throughput and lessen the
queue length. Another scheme to avoid co-channel
interference among the nodes of the networks is
presented in [96]. In the proposed approach, a small cell
with multiple antennas is separated into exterior and
interior regions, where exterior region is further
divided into small sectors. An antenna is provided to
each sector. Two schedulers, spatial scheduler with
longer time slot and medium access control (MAC)
scheduler with shorter time slot, are assigned in order to
enhance the transmission rate of the BS. The former is
embedded in the BS whereas latter is embedded in the
antenna of the sector. The proposed scheme deals with
the large signaling overheads in extremely dense and
co-existence of various networks using virtualization
operational attributes of cognitive and network.

Energy efficiency is anticipated one of the challenge for
future 5G networks. It plays an important role
especially for networks with small cells and increases
self-sustainability of nodes. Energy harvesting from
various ambient sources like sun, moon, wind and
vibration helps in accumulation or conservation of
energy. In CR based 5G networks, the inherent CR
operations such as channel sensing and dynamic
channel access, reduces the overall energy efficiency of
the network. In [97], nodes in a network, adapt the
transmission power levels as per the requirement based
on SINR. The main purpose of this scheme is to
maintain a balance between the energy accumulation
and energy consumption. To convert ambient field into
power, spatio-temporal response of the ambient source
is used. The proposed scheme deals with the spectral
and energy efficiency in extremely dense and co-
existence of various networks. However, energy
efficiency depends on overall architecture of a
network, number of users (traffic load) and the level of
QoStoachieve.

The studies on CR based 5G networks have been
restricted to the simulation and theoretical work.
Platform implementation of 5G networks especially
areas related to physical layer have been discussed in
literature. Some of these areas include MIMO [98],
channel modelling [99], modulation [100], physical-
layer security [101], beamforming [102] and blind
separation [103]. However, aspects related to
networking and platform implementation are also
investigated in literature. In [104], a 5G transceiver is
modelled on SDN platform. It is based upon IEEE
802.15.4k direct sequence spreading spectrum (DSSS)
physical (PHY) [105]. It consumes very less power and
offers long-range transmission suitable for 5G
communication, especially in M2M communication.
CR is incorporated to explore the white spaces of the
spectrum by SUs in order to achieve spectral efficiency.
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The architecture comprises of three universal software
radio peripheral (USRP)/ GNU radios, two SUs and a
PU. Real-time signal processing operation is carried
out through radio units. USRP / GNU radio is
responsible for channel sensing and channel access
operations whereas architecture of transceiver includes
two chains viz: transmit chain and receive chain. The
transmit chain performs functions related to
transmission whereas receive chain performs all
functions related to reception. In [106], an SDN
platform is presented which is based on MAC protocol.
In proposed scheme Q-learning is used to perform
transmission power distribution by femtocell of BSs.
MAC protocol assists femtocell in this process of
power allocation. The proposed platform comprises six
USRP/ GNU radios, including three BSs and three
nodes. Three BSs include two femtocells and one
macro-cell BSs. Likewise, three nodes include two
femtocells and one macro-cell nodes. The
aforementioned radio units perform MAC functions,
power distribution using Q-learning, physical-layer
operations and SNIR estimation. The proposed
approach improves the network capacity within
femtocells and lessen the inter-cell interference among
macro-cells.

The concept of SDN as discussed earlier, is one of the
latest concept and efforts are in hand to explore the
combination of SDN with cellular networks. A scheme
is proposed in [107] which optimizes the packet
forwarding path and manages traffic load in dense CR
based 5G network. The proposed platform is based on
distributed mobility management (DMM) protocols
and structured in SDN. In this scheme, control plane
and data plane are kept separated, managing the
functions of centralized location/ handover and packet
forwarding allocation. In [108], authors present a
collaborative scheme to combine SDN controller with
dispersed sensors and BS of a cellular network. The
proposed scheme is different from the conventional CR
based systems in which device level spectrum sensing
techniques are used. In SDN-based Spectrum sharing
technique information is collected and integrated
through dispersed sensor devices in the cellular
networks. The proposed scheme addresses the issues
related to inaccurate reporting and vulnerability to the
malicious devices. An investigation to address the
issues related to coverage, connectivity and computing
of massive data generated by extremely dense
environment is presented in [109]. The proposed
approach presents CR-NOMA based platform
comprises of femtocells to mitigate the inter-cell
interference in a dense and co-existence of various
networks. In order to meet the future communication
network requirement especially spectrum sharing or
spectrum efficiency, wider coverage, higher capacity
and low latency, CR based 5G technology is the focal
area for research [18]-[21]. The realization of the 5G
technology is associated with the optimization of the
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spectrum through efficient utilization of resources in
CR domain.
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VII. CONCLUSION

Mobile Wireless Communication Technology will
be the technology of future and will revolutionize the
mobile market. It is also anticipated that 5G will
introduce the concept of super core in which,
irrespective of access technologies, all service
providers will be linked up with single core through one
single infrastructure. 5G is expected to overcome the
limitations of existing cellular networks such as low
data rate, high latency rate, low capacity, low spectral
efficiency and high signaling overheads. CR
technology is very promising in order to address the
incompatibility between demand and supply. Hence, it
will assure the balance between demand and supply to
meet the requirement of its associated future
technology. Resource assurance of spectrum sharing
will support and encourage the development of 5G
technology. CR plays a pivotal role in future 5G
networks technology by incorporating its flexibility
and adaptability with the speed (high data rate) of 5G.
This paper presents thorough survey of recent work on
CR and 5G technologies. Few inherent implementation
complexities in 5G technology have been discussed
with the proposed solutions investigated in recent
works. Various spectrum sensing techniques are also
evaluated to get the knowledge of the scope of each
sensing algorithm. Finally, a comprehensive review of
recent work on CR based 5G is presented. We hope that
this work will motivate researchers to further excel in
development of CR based 5G technology.
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